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DECLARATION UNDER 37 CF.R 81.131 

Sir: 

Incompliance with 37 CF.R, §1.131, the purpose of this Declaration is to establish 
completion of the claimed invention of the above-referenced patent application (hereinafter "the 
Subject Application") in Japan, a WTO (World Trade Organization) member country, prior to 
June 28, 1999, the effective date under 35 U.S.C. § 102(e), of U.S. Patent No. 6,099,701 
(hereinafter "the 701 Patent"). The *701 Patent was cited by the Examiner in an Office Action 
dated August 25, 2004 for the Subject Application. 



Serial No. 10/657,081 
Rule 131 Declaration 

We, the undersigned, do hereby depose and say; 

1 . That we are the named inventors for the claimed subject matter of the Subject 
Application, and that each of us is currently employed by Denso, Inc., (hereinafter "Denso") the 
Assignee of the Subject Application. 

2. That prior to the effective date of the 701 Patent, we had conceived of and 
conceptualized the method of manufacturing electrical wiring of a semiconductor device 
disclosed and claimed in the Subject Application, 

3. That the attached copy of Denso engineering records (attached as Exhibit A to this 
Declaration), which we attest bears a date prior to June 28, 1999, the effective date of the 701 
Patent, is known to us to be a true copy which, based on information and belief, evidences such 
conception prior to the above-noted effective date of the 701 Patent. Translated portions of the 
engineering records relating to the claimed subject matter of the present invention are attached as 
Exhibit B. 



Serial No. 10/657,081 
Rule 131 Declaration 

4, We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information and belief axe believed to be true; and further that these 
statements were with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the Subject 
Application or any patent which issues thereon. 

Kazuo Akamatsu 

Engineer, DHJSO CORPORATION 

Yoshihiko Isobe 

Engineer, DENSO CORPORATION 

Hiroyuki Yamane 

Engineer, DEJJSQ CORPORATION 
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LITERAL TRANSLATION OF RJELEVENT PORTIONS OF DENSO INVENTION 

ENGINEERING REPORT 

Pg. 1 (Document Details) 

Reception number of intellectual property department 99-332 

Application number of DENSO: 53886 

Reception Date: February 18, 1999. 

Completed date by the inventors: February 10, 1999. 

Consideration date by chief of inventor's section: February 10, 1999. 

Admission date by chief of inventor's division: February 12, 1999. 

A Method of Manufacturing Semiconductor (A Method of Forming Wiring) 
Inventors: 

Kazuo Akamatsu, Electronic Systems R&D Division, Development 11 section. 
Yoshihiko Isobe, Electronic Systems R&D Division, Development 1 1 section. 
Hiroyuki Yamane, Electronic Systems R&D Division, Development 11 section. 

Pg. 5 (Relevant to Claims 1 and 8) 
[The object of the invention] 

By making a reactivity-rich TiN film overlaying the Al alloy layers (successive vacuum 
sputtering process), this method provides the same lifetime elongation effect as seen in 
Al wiring EM / SM (stress migration) tolerance improvement by the anti-reflection film 
structure made of a lamination of titanium nitride (TiN) and titanium (Ti) diffused by Ti, 
and at the same time, by making a thin film using sputtering machine or the like in low 
temperature (150 degrees Celsius or lower) for suppressing heat-related A1N formation, 
this method provides a highly reliable wiring with a long EM / SM lifetime. 

(Structure and operation] 

<Thin film formation (deposition) condition and solid state properties of reactivity-rich 
TiN> 

(1) Thin film formation (deposition) condition 

(Primary factor for forming a reactivity-rich TiN film by controlling power 
density of sputtering) 

DC Power (Power density): 5.5 W/cm2 
N2 gas added reactive sputtering is 
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conducted on the following condition. 
Other conditions: Temperature 270 Celsius 

(actual temp. 230 - 240) 
Pressure 5.5 mTorr 

Arflow 90 SCCM 
N2 flow 90 SCCM 



Pg. 11 (Relevant to Claim 2) 
Problem; 

Ti film thickness has to be approximately 5 nm to have a sufficiently long EM 
lifetime when an AI and W combined wiring is used because of the Kirkendall effect. 
The production process control is difficult because of its extreme slimness. 

Pg. 12 (Relevant to Claims 4-7) 

A1N suppression effect in TiN (ARC) single layer method 

-Presumed mechanism- 

In this method, a TiN film (1) is deposited by sputtering a Ti target surface 
(Oxidized TiN layer) with an inactive gas (Ar+ ion gas or the like not containing N 2 
gas), and then a TiN film (2) is deposited by reactive sputtering of N2 and inactive gas 
like Ar etc, in the early stage of ARC (UN single layer) deposition. 

By using this method, nitriding of Al is completely prevented because an N 
radical is not produced in the plasma during TiN (1) deposition. 

Pg. 13 (Relevant to Claims 1 and 8) 
Effect of soft-TiN (ARC) structure 
-Presumed mechanism- 

A TiN film is formed in a manufacturing method that uses Al and a reactive 
TiN film (refer to the attached AES measurement data -> p.7). In this method, an Al - 
Ti alloy layer of TiAls and the like are formed, and thus interface energy between the Al 
alloy and the UN is lowered. This method also heightens reliability (EM, SM 
lifetime) by diffusing Ti into Al from a reactive TiN and filling Al vacancy /voids. The 
Al - Ti chemical reaction layer is subdivided in the TiN film deposition manufacturing, 
and thus the method has the same effect as Ti film thinning, 

The layer is subdivided because Cu in the Al-alloy of a not-subdivided layer is 
prone to diffuse, especially in the wiring structure of Al (wire) - W (hole) combination 
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in terms of £M lifetime. (Refer to the figure below.) 

Pg. 14 (Relevant to Claim 3) 

FIG. 4 High temperature bias test (EM) result for 

Al-W via connection / isolated wiring pattern 
[Same tendency observed for both patterns] 

Vertical axis: Relative length of EM lifetime 
Horizontal axis: A1N composition ratio (Al ratio to N) 
(Lifetime value is 1 when [A1:N =1:1]) 

FIG 5 A1N film thickness (Sectional TEM measurement) 

Vertical axis: Average A1N film thickness (nm) 
Horizontal axis: A1N composition ratio (Al ratio to N) 

(Lifetime value is I when [A1:N = 1:1]) 
Note (On the upper-right of the graph) 
Sectional TEM example is shown. Refer to a photo. 

FIG. 6 Sandwich structure of reactive TiN 
[On the left] 

Diffused Ti atoms are captured by Al voids/vacancy, 
[On the right] 

[Top] UAl* or the like (Al Ti reaction layer) 

Stress mitigation layer 
[Bottom] Soft (reactive) TiN Sandwiched by Al-alloy 



Pg. 19 (Relevant to Claims 1, 2 and 8) 

FIG 9 Target power - reactivity relationship 

(TiN 30 nm deposition] 
Vertical axis: Reactive layer thickness in Al-alloy (nm) 
Horizontal axis: Ti target DC power density (W/cm2) 

FIG 10 Effect of reactive TiN film thickness 
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[Target power density 5.5 W/cm2] 
Vertical axis: Reactive layer thickness in Al-alloy (nm) 
Horizontal axis: soft (reactive) TiN film thickness (nm) 

FIG. 1 1 Relationship between TiN deposition temp, and A1N composition ratio 

(TiN 30 nm deposition) 
Vertical axis: A1N composition ratio (Al ratio to N) 
Horizontal axis; TiN deposition temperature (Celsius) 

Pg. 20 (Original Draft of Claims) 

Hierarchy of claims 

1. Structure patent 
<Independent claim 1> 

In a manufacturing method of an anti-reflection film (ARC) formed on a 
copper added Al-alloy (may be containing Si) wiring for a semiconductor electrode, a 
conventional low temperature deposition under 150 degrees Celsius has an A1N 
formation suppression effect, but not can not completely suppress the A1N formation. 
Therefore, an interface reaction layer (TiAh and the like) between a TiN and an Al-alloy 
serves as a stress mitigation layer, departing from a primary intention of Ti doping, and 
diffusion of Ti into Al to be captured by voids/vacancy damages the expected effect of 
EM / SM lifetime elongation. To solve the above problem, the present invention 
provides a wiring structure that is not susceptible to AJN formation when an ARC is 
deposited on an Al-alloy film by a sputtering device depositing a reactive TiN (single 
material) film that easily forms an Al - Ti reaction layer from the Al-alloy film and 
T1AI3 and the like. 

<Dependent claim 1>:A composition ratio of the A1N formed on the interface 
between the ARC (TiN) and the Al-alloy is equal to or above 1.5 based on the amount of 
N. (N is supposed to be 1) 

<Dependent claim 2>:Thickness of the A1N film on the interface between the ARC 
(TiN) and the Al-alloy is equal to or under 3,5 nm. 

<Dependent claim 3>:The reactive TiN film is more effective when it is used not 
only for the ARC but also for an Al-alloy base layer to form a sandwich structure 
wiring. 

<Dependent claim 4>:The (chemical) reaction layer such as TiAl 3 formed on the 
interface of the Al-alloy film forms a wiring in that Ti is diffused in the Al-alloy film, as 
shown in an AES measurement result. 
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<Dependcnt claim 5>:The (chemical) reaction layer such as TSAl 3 formed on the 
interface of the Al-alloy film forms a wiring that is subdivided, as shown in a sectional 
TEM measurement result. 

2. Manufacturing method patent 
<Independent claim 1> 

(A manufacturing method in that) a TiN film (I) is deposited by sputtering Ti 
target nitrided surface (TiN) with an inactive gas (Ar + ion gas or the like not containing 
N 2 gas), and then a TiN film (2) is deposited by reactive sputtering of N 2 gas and 
inactive gas like Ar or the like, in the early stage of an ARC (TiN single layer) 
deposition, 

^Dependent claim 1>: (A manufacturing method in that) a reactive UN film is 
deposited by a reactive sputtering with a target power density of DC power being 5.5 
W/cm 2 or under for forming a film thicker than 5 nm or more. 

<Ihdependent claim 2> 

(A manufacturing method in that) an ARC (TiN) is formed on an Al-alloy 
wiring with wafer heating temperature of 180 degrees Celsius or under. 
<Dependent claim 1>: 

[same as the dependent claim 1 of the independent claim 1] 

<Independent claim 3> 

[same as the dependent claim 1 of the independent claim 1] 
<Dependent claim l>:[same as the independent claim 2] 
<Dependent claim 2>:[same as the independent claim 1] 

Pg, 21 (Original Draft of Claims) 
<Embodiment data • structure for each claim> 

(1) Structure patent 

1. Independent claim: 

Refer to typical structure model in FIG 3. Refer to FIG 1 for A1N formation 
mechanism. 

• Dependent claim l:Refer to FIG. 4. 

• Dependent claim 2:Refer to FIG. 5. 

• Dependent claim 3;Refer to FIG 6. 
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• Dependent claim 4:Refer to FIG 7. 

• Dependent claim 5:Refer to FIG 8. 

(2) Manufacturing method patent 

1. Independent claim 1: Refer to FIG. 2 for a manufacturing model FIG. 12 shows 
a wiring lifetime (test) result by this manufacturing method. 

• Dependent claim 1 : Refer to FIG 9 and FIG. 10, 

2. Independent claim 2: Refer to FIG 11 for manufacturing condition. 

• Dependent claim 1 : Same as FIG. 9 and FIG 10. 

3. Independent claim 3: Same as FIG 9 and FIG 10. 

• Dependent claim 1 : Same as the manufacturing model in FIG 11. 

• Dependent claim 2: Same as FIG. 2. 



